






Before entering the pumping station the combined sewer overflowould 

pass hrough a bar rack (screen) or removal of coarse mater¬ials 

which might cause problems i the operation, maintenance orwear 
of 

the low lift pumps. In certain locations where consistentwith 
local 

topography and sewer invert, a low lift pumping facilitymay not 

be required.The 

combined 

sewer overflow rom the lo lift pump stationwould enter 

a treatment building and be delivered to drum typescreening 

units. The would be introduced into the centerof the drum type 
screen 

and would pass through the screening meshinto the influent 
channel 

to the filters. A gravity type design,i.e., open filtration 

units is proposed. The water would be intro¬duced at the top o the 

filter and flow downward through the fiterbed. The plant effluent 

could be discharged by gravity to the respec¬tive receiving water 
body.itered 

would serve as a 

source of water for back-washing filters ater the overlow has 

attenuated to sufficientdegree. The filtration building would 

be provided with low pressureair blowers as a source of backwash 
air. 

Backwash pumps would belocated in the filtration facilities o 

deiver water to the filtersfor The treatment buildin would also 

include 
a con¬trol area, office space, a feeding set-up, and asystem 

for adding to filter backwash water for theprevention of slime 

growth on the filter media. The operation of thehigh rate 

filtration 
facility would be completey autoated, and couldbe left 

unattendd, 
except for routine maintenance and periodic de¬livery of chemicals. 

In full size treatment systems chlorine feedfor disinfection 
could 

be incorporated into the filtration facilities.Dirty backwash 

effluent from the filtration facilities and125 



screenings would be directed into the interceptor running to the 
sani¬tary 

sewage treatment facility. The concentrated solids from 
thedrum 

screening units would be passed first through a grinder 
andthen 

through trash basket or classification device to insure 
thatvery 

coarse material is not returned to the sewer system.Sludge 
handling 

facilities should not be located at the fitrationsite, as this 

would prove very costly. Centralizatin of materialhandling 
facilities 

has always proved most economical; as an examplethe Southerly 

Treatment receives sudge from another plantin Cleveland.For filter 
two 

types of 

control should beconsidered: the first parameter would be total 

head loss throughfilter bed and the second would be effluent 

suspended solids con¬centration.For measuring the filter head loss, 

each 
filter 

would be equippedwith differential pressure transmitter to 

continuousl sense theloss.of head across the filter and transmit a 

pneumatic sgnal line¬arl proportionate to this head loss to a central 

control panel.When the filter head loss would reach a preset 
value, 

the differentialpressure switch associated with the filter would 

be actuated. Acontact in this switch would open stepping 
switch 

circuit and thefilter woud start to backwash.An alternate, filter 

backwash control coud be 

achieved 

with aneffluent suspended solids monitor. A continuous 
reading 

lightscatter type suspended solids meter would be installed 

in eachfilter effluent pipe to continuously measure the 
suspended 

solidsconcentration and transmit the reading to a rcorder 

at a centralcontrol panel. When the filter breakthrough ould 
suddenly 

takeplace and the suspended solids cncentration indicator 

would reach apreset level, then a micro switch would be activated 
and 

an alarm126 



would be initiated. The operator would check the filter 
performancecondition 

and start to backwash the 

filter.Principal 

advantages of the proposed system are high 
treat¬ment 

efficiencies automated operation and limited space require¬ments 

as compared with alternate flotation or sedientation systems.COST 

DTAEstimaed 

total construction costs (EN1470) of a filtrationplant 
for 

treating combined sewer overflows range from $830,000for the 

25 MGD capacity to $3,754000 for 200 capacity at designrate of 24 

ft.Estimated annual 

cost 
data ranges from $97,270 per ear for a25 MGD capacity 

plant 
to $388,210 per year for a 200 MGD capacityplant. Annual 

treatment 
costs utilizing the high rate filtrationprocess are due 

primarily 
to interest and charges, andare less affected the volume 

of 
combined sewer overflow to betreated annually.These costs do 

not 
include disposal 

of waste screenings andfiter backwash since the proposed 

system would discharge these tothe municipal sewage treatment 
plant. 

Assuming an average of 200 of solids removed and a combined 

sewer overflow treatment plantoperation of 300 hours per year, solids 

processing and disposalcosts incurred by the municipal sewage 

treatment plant could rangefrom 3 to 35 percent of the total annual 

charges for the combinedsewer overflow treatment facility.DUAL 

PURPOSE OF UTILIZATION OF HIGH 
RATE 

FILTRTIO PROCESSThe selected media for combined sewer 

overflow 

treatment was127 



also evaluated in terms of its capacit for polishing 
secondaryeffluent 

under another research contract. Test data has confirmedthe 

applicability of this combined sewer overflow media to 
reducingsuspended 

solids, BOD and phosphate to low residuals.In 

Cleveland the total duration of the overflows from 
thecombined 

sewer system is approximately 300 hours per annum. 
Thisindicates 

the possibilit of utilizing dual purpose treatment plantsbased 

on the high rate filtration process. Such installationswould 

treat combined sewer overflows when they occur and in be¬tween 

such periods for over 95 percent of the te the filtrationprocess 

would treat other depending on the location ofthe process.For a 
high 

rate 

filtration 

process for combined sewer overflowtreatment located in 

the area of the domestic treatmentplant the filtration process 
can 

be utilized for polishing the treatent plant effluent as well as to 

protect the effluent qualityduring plant overloading or process 

malfunction.The economical benefits of such 

dual 
purpose utilization ofthe high rate filtration process 

should not be overlooked.128 
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IntroductionThe 

probem of combined sewer overfows has been recognizedas a 

significant poution probem in recent years (1). Largeamounts of 

untreated polutants find their way into our watercourses 
through 

this route. The abatement methods deang withthis probem 
are 

sewer separation, storage, treatment, or acombination of 

these. The cost of separating the sewers isprohibitive 
and 

this method is not considered as an economicasoution to the 

probem. great dea of iterature has beenpubshed since 1964 

which describes the characteristics of (CSO)(2). Based on the data 

pubished it has now been estabishedthat a major portion of 

the substances in CSO is in nature. This indicates that an 

efficent soidiquid separation process can be expected to provide 

an effectivetreatment of CSO. It was the mission of the 
Environmenta 

SciencesDivision of Inc. to deveop an effective and 
economicasoid/iquid 

separation process under a program sponsored by 

theU.S.Environmenta Protection Agency.A combined sewer outfa near 

Road in the west-centraporton of 

Miwaukee 
Wisconsin was seected as a source ofcombined sewer 

overfow 
for the bench scae studies. Thisoutfa services a 495 

acre residentia area. It was determinedthat approximatey 

42 of the area was impervious, i.e. streetsand parking areas 
house 

roofs etc. The cacuated vaue of the coefficient was 0.40 
and 

it compares we with the vauesreported in the iterature (3). 
The 

drainage area comprises ofmosty one and two famiy dweings with 

an estimated density of35 peope per acre. No manufacturing 

industries are ocatedwithn the drainage area except some sma 
busness 

shops.Bench scae tests were conducted on 14 separate 
overfow 

sampes130 



to define the quaty of the Road outfa and to evauatethe various 

potential treatment processes. The testsincuded screenng with 

varous szed meda, chemca oxidation,fotation and dsinfection. It 

was determined from these teststhat chemica oxidation of the 

raw did not appear techncayand economicay feasibe (4). However, 

the resuts of thescreening and fotation tests were 
encouragng.These 

tests served as the design basis of a 5 test 
faciityat 

the Road outfa utiizing screening and dissovedair 
fotation.Design 

of the Treatment SystemThe process schematic of 
the 

proposed 

treatment 
system is shownin 

Figure 

1. The raw overfow is pumped from the sewer to ahaf inch 
manuay 

ceaned bar rack. The purpose of the barrack is to remove 

arge objects which may cog or damage thefiner screen 
downstream. 

The fow then enters a 50 mesh(approximatey 300 micron) 

drum screen. The basic screen isfabricated from mid 

carbon stee whe the screening media isa 304 stainess stee. 
The 

screen is an octagona shaped drumwith an diameter of 7.5 
ft. 

and 6 ft. ength. Thetota screen area is 144 ft. with 
wetted 

screen area rang¬ng between 72 and 90 sq. ft. dependng 

upon th head ossacross the screen. The desgn hydrauic oadng for 

the screenis 50 ft. and a maxmum head oss capacty of 14 

inches.The drum speed can be varied in the range of 0.5 to 5.0 

Screened water is used to backwash the screen. The soidswhich 

are 
removed from the screen are coected n hopper andare 

then 

routed to the santary sewer. The screened effuentis spit 

into two portions. A major porton of the fow goesdirecty to 
the 

flotaton tank the remainder of the fow131 
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20%) goes to a pressure tank where t is mixed withair under 

pressure (approx. 50 The pressurized air-water stream 
is 

then brought into contact with the buk of theraw fow at 
atmospheric 

pressure in a mixing zone. The dissovedair comes out of 

solution in the form of tiny bubbes (50-100micron sze) in the 

mixing zone and these bubbes attach them¬seves to the suspended 

matter in the waste water. The mixedfow then passes through 

a distribution baffe and into thefotation tank where 
soid/iquid 

separation occurs. The scumwhich foats to the top is 

then scraped into a trough via skim¬mers and is routed to the 

sanitary sewer. The treated effuentis discharged to the River.The 

main detais of the treatment 
system 

are shown in Figure 2.Fexibiity was provided in the design 
so 

that the fotationzone coud be segmented for evauating 
various 

hydrauic over¬fow rates. Chemica when utiized were added 

tothe raw wste as it enterd the drum screen or in the 
presurizedfow 

stream after the pressure reduction vave. Chorine wasaso 

added in the pressurized stream for dsinfection of the The 

entire system was automated and was ut into operationby sensing 

leve of the waste water in the sewer.Operation of the Demonstration 

SystemThe system was operated on 55 separate combined 

sewer overfowsduring 1969 and 1970. 

The 

quaity characteristics of these over¬fows are seen in Tabe 
1. 

About 20 percent of the overfows the first fush phenomenon, 

which was either caused by highrainfa intensity or ength of time 

greater than four daysbetween overfows. After the first fush 

diminished, 
the quaityof the overfow was remarkaby constant for 

each storm. The 95%confidence ranges for the extended overfows 

were 
ony about 10-133 
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TABLE 

1COMBINED SEWER OVERFLOW CHARACTERISTICS AT 
ROADExtended2 

3Analyss 

Frst Fushes OverfowTota Sods 

(mg/ 861 117 378 46Tota Voatie Soids 
(mg/) 

489 83 185 23 (mg/) 522 150 166 26 (mg/) 

308 8.3 90 14COD (mg/) 581 

+92 161 19BOD 186 40 44 

10Total Nitrogen (mg/) 17.6 

3.1 5.50.8 7.0 0.1 7.2 
0.1Tota 

(ndividuas/m) 142 10 108 62.5 10 27Dissoved 

COD - 0.34 +0.04 
Ranges 

shown at 95 percent confidence evel.7Represents 12 
overfows.3Represents 

44 overfows.Represents 34 

overfows.135 



15% of the mean vaue as compared wth 20-2% for the first fushdata. 

The dssoved organic fracton (measured as chemica oxy¬gen 
demand) 

was approximatey one third of the tota organic oadn the raw 

combined sewer overfow. This showed that arge por¬tion (2/3 of 
the 

tota) of the organic poutants was of a nature which woud be 
amenabe 

to treatment via screening fotation.The variabes evauated 

during operation ncuded 

hydrauic oad¬ing and drum speed for the screening operation, and 

surface over¬fow rate, pressuried fow rate, operatng pressure, and 

dosages for the fotation system. The optimum operating con¬ditons 

based on the treatment of 55 are given in Tabe 2. Theoptimum 

soids oading rate at a drum speed of 4.7 and a headoss of 12" was 

1.2 pounds of dry soids removed per 100 ft.of screen area. This 

oadng coud possiby be increased by incr¬easing the alowabe head 

oss differentia. The hydrauic through¬put rate was in the range 

of 40-45 This rate again canprobaby be increased depending upon 
solids 

oading. It was foundthat no statistica difference coud be 
shown 

in the remova effi¬ciencies by increasing the pressuried fow 

rate up to 45 percentof the raw fow, or by ncreasing the operating 

pressure to 60 A pressurized fow rate of 20% of the raw fow at 
50 

psi was recom¬mended for future designs. The air usage was 
approximatey 

one per 100 of pressurized fow. The overfow rate atwhich 
remova 

efficiencies were satisfactory and the capitacost sti 
reasonabe 

was 3.3 gpm/sq.ft. Floated scum con¬centrations 

generay 
ranged between 0.7 and 1.4% of the rawfow. The chemca 

utiized during this study were and a poymer Chemica 
Co.). 

Theseection of these chemicas was based on the resuts of 

a seriesof bench scae jar tests. The optimum chemica dosages 

werefound to be 20 Fed and of C-31.136 



TABLE 

2OPTIMUM OPERATIONAL 

CONDITIONSCharacteristicsScreeningOperationa 

ConditionBackwashHead 

LossRotation 

SpeedSubmergenceHydraulic 

Throughput 

Rate0.7 

1.0% raw fow12 

in. water4.7 

50 - 

63%40 - 

45 gpm/sq. 

ft.Fotatonoated 

ScumPressurized 

FowOperation 

PressureOverfow 

RateChemica 

Dosage0.75 
1.41 

raw flow20% raw fow50 

3.3 gpm/sq. 

ft.20 

Fed 34 137 



The performance of the 50 mesh screen aone is summarized 
inTabe 

3. The poutant removas (measured in terms of suspendedsoids, 

voatie suspended sods, COD and BOD) ranged between33-39 for 

the first fushes and between 26-34 for the extendedoverfows. The 

sighty hgher remova efficiencies for the firstfush overfows is 
probaby 

a resut of the screening-fitrationphenomenon that occurs 

during these high poutant oading periods.The tota remova efficiences 

for the combned screening/fota¬tion system are shown in Tabe 4. 

The poutant removas rangedbetween 3548 without foccuating 
chemicas. 

However theremova efficiencies were signifcanty 
enhanced 

on the additionof foccuating chemicas and raged between 
57-71. 

Removas duringthe first fushes were siar to the resuts for extended 

over¬fows wth chemca additon. The average effuent quaity 
exper¬ienced 

with chemica additon and that can be expected 
viascreening/fotation 

treatment is shown in Tabe 5. These vauescompare 

favoraby with many secondary sewage treatment effu¬ents.Future 

Desin ConsiderationsThe data presented so far had been 
based 

on 

the resuts of twooperatona 

seasons, 1969 and 1970. Research was continued onthis treatment 

facity durng 1971 to obtan additiona designdata for the 

optimization of the screening and fotaton processes in order to 
improve 

upon the effuent waterquaity of the treated combined 

sewer overfows.Laboratory bench scae tests have indicated that 

changing thespit fow mode of dissoved-ar fotation 

to effuent recycemode of operation may enhance the effuent 

water quaity sign¬ficanty. This change may require the operation 

of the fotation138 



TABLE 

3PERCENT POLLUTANT REMOVALS BY 

SCREENING*CharacteristcsFirst 

FlushesExtended 

OverfowCODBOD36 

i 
1637 

i 
1839 

1533 

17* 
Vaues 

given 

at the 95 percent confidence eve.27 534 1 526 

527 

5TABLE 

4PERCENT 

POLLUTANTS 

REMOVALS BY SCREENING/FLOTATION 

TREATMENT*CharacteristcFrstFushesExtended 

OverfowsithoutChemicasWthChemicasSS 

72 1 6VSS 

75 

6COD 64 

i 6BOD 55 

8Ntrogen 

(tota 
46+743 

i 748 i 

1141 i 835 
+829+871 

+971 

+957 

1160 

1124+9* 

Vaues 

shown 

n 95 

percent 

confdence 

range.139 



TABL 

5EXPECTED AVERAGE EFFLUENT QUALITY AT VaueAnayss 

(ng/ 

4 26COD 69BOD 

20 

(tota 

4.2140 



system at reduced overfow rates and coud therefore increase 
thefotaton 

area requirements by approximatey 20%.Aso 

severa 
other chemica combinations have shownpromse over the 

ferrc 
choride - poymer combination uti¬ized during the 1969 and 970 

operationa seasons. Use of pow¬der activated carbon aong with 

fotationhas aso shown some mert. The economics of these concepts 

foran optimum cost benefit reationship stil need evaluation. 

Theseevauations are a part of the proposed modifications to the 

Road treatment faciity. It s antcipated that these consder¬ations 

wl be evauated on the modfed Hawey Road treatmentfaciity during 

the 1973 operationa season.Racine Root River ProjectEncouraged 

by the promising resuts of the Hawley Road 

demonstrationfaciity, a 

search was made to find a site where the feasibiityof utiizing 

screening/dissoved-air fotation coud be demonstratedon a fu scae for 

the treatment of combined sewer overfows. TheCity of Racine, Wisconsin 

was ndicated to be an idea site forsuch a project. Racine is a 

city of approximatey 100.000 peopeocated on ake Michigan, 
approximatey 

30 mies south of Miwaukee.The Root River, stream having 

a mean annua discharge of approxi¬matey 100 fows through the city 

and serves as a receiving bodyfor from much of the northern half 
of 

the city. There areapproximatey 700 acres of and having combined 

sewer systems in thisarea. In the 3.7 mies of Root River through 

the city, there are36 combined sewer overfow points and 17 storm water 

discharges tothe river. It was estimated that the cost of 
separation 

of theexistng combned sewer areas n Racne woud be 10-13 

miniondoars. The estimated cost of instaing the screening/dissoved-air 

fotation treatment pants at the various outfas was 4141 



minon doars. Thus signifcant savings were evident in goingfor 

the fotation route for the treatmentof combined sewer overfow 
probem 

in the City of Racine.In Apri of 1970 a grant 
appication 

was submitted to the U.S.Environmenta Protection Agency. 

Under the terms of this proposalthe funds woud be rendered by the 

federa government State ofWisconsin, and the City of Racine. 
The 

technica approach proposedfor meetng the project objectives 
incudes 

the foowing eements:1. Quantitative measurement of the effects 

of treating storm-water discharges and combined sewer overfows 

to a seectedstretch of the Root River as a function of 

river waterquaity.2. Detaied cost/performance anaysis 
for 

treatment 
in theseected stretch of the Root River.3. Fu-scae 

verification of the combined 
sewer/waterquaity 

mathematica mode deveoped under GrantNo. 

S800744.4. Appication of resuts from Items 1 2, and 3 

above tothe 

foowing determinations:a. Process adequacy of treatment 

system as an ater¬nate to 
combined 

sewer separation in 700 acre areaof centra 
Racine, 

Wisconsin. Cost/benefit reations of treatment 

system for thesubject 700 acre 

area in centra Racine, isconsin. Vaidty of the EPA 

Storm ater Manageent Mode forappication to probems 
of 

any given area. Process, design operation and 
appication 

criteriafor treatment method as 
aternate 

to combined sewerseparaton in any given area.This 

proposa was approved by the City of Racine and n Juy, 

1970the project was approved 

and funded by EPA. The City of Racine142 



became the grantee and a subcontract was awarded to the 
Environ¬menta 

Sciences Division of Inc. to conduct the studyprogram. 

Aso the consuting engineering firm of andAssociates of 

Wisconsin was retained by the City ofRacine for the engineering 

design of this project.An engineering study was 

conducted 
by the Rexnord EnvironmentaSciences Divson and Donohue 

and Associates in cooperation withthe Racine City Engineer's 
Office 

for the purpose of choosinga site which woud alow for 
maximum 

treatment within theproject doars. The two seected 
ocations 

which containedthe overfow outfas from a large 
percentage 

of the tota areaand where these discharges were in cose 
proximity 

to one anotherwere:1. Site - South of Dodge Street between 

Chatham 
andMichigan Streets2. Site II - South of Dodge 

Street between 
Main 

andWisconsin StreetsThe overflows in these 
ocations 

drain from a 

tota area of 450acres of combined sewers. Site I was designed 

for a treatmentcapacity of -.I and Site II for 44.4 System 

DesignTwo fu scae systems have been instaed in 

Racine 

fortreatment 

of combined sewer overfow. The design criteria foreach 

of the various eements is shown in Tabe 6. The systemshave 

been designed for competey automatic startup, operationand 

shutdown.The two systems are simiar in function and differ ony 

indesign 

capacity. 

A schematic diagram of the arger system is143 



TABLE 

6DESIGN CRITERIA - SCREENING/AIR FLOTATION TREATMENT 
SYSTEMRACINE, 

ISCONSINItem 

Ste #1 Ste 

2Contrbuting 

area (acres) 82.5 364.2Design 

Storm Intensity (inch/hour) 0.5 
0.5In-Sewer 

Storage (gaons) — 600,000Design 

Fow for Treatment System 14.13 44.4Bar 

ScreensMechanicay 

ceaned 
and ocated Yes YesJust Upstream of 

Pump SumpDrum ScreensParae 

Operation 

automaticbypass to fotation 
tanks 

shoud ascreens cogNumber of 
screens 

2 
4Length 

(feet) 10Diameter 

(feet) 8 8Fiter 

Media Stainess Stee 

-50 mesh, .009 inch wreScreen 

Backwash fow (when 
operating) 

210 675144 



TABLE 6 CONTINUED 

Item 
Site Ste 

2Fotation 

SystemOperation 

- Each tank reaches 70maxmum 
fow 

before the next tank isput into 

use.Number of 

tanks 3Surface 

overflow rate - 3.5Pressurized fow - 

650Scum Remova - timer 
controedSurface 

skimmer to scum trough 

-Screw conveyed to sudge hoding 

tankChemicasChorine - maximum 

concentration 

ng/ 20Fed maximum concentration 25 

concentratonDependent on specific 
Sude 

Storage1.5% of design fow for 

3 hour durationVoume - cubic feet 

3,500Disposa 
to 

sanitary sewer by gravityDrain foowing 

storm83.5770202511,030145 



shown in Figure 3. Upon sensing a high eve in the overfowsewer, 

the system s paced into operation. Raw overfow entersthe 
pant 

through a mechanicay ceaned bar screen ocated inthe wet we. 

A by-pass weir is provded for storm fows inexcess of the 

design capacity. Fow entering the wet we ispumped by means of 

a spra screw pump through fumeand into the screening chamber. 

The output of the fow recordertotaiers are used to provide a 

proportiona signa for pacngthe chemica feed equipment. Ferric 

choride is added to the upstream of the screens. Chorine and 

are added downstream of the screens.Each of the drum screens is 

equpped with 50 mesh stainess 

steescreens. 

The screens are at preset headss eve.Soids removed on 
the 

screen are conveyed to a sudge hoding tankby means of a screw 

conveyor which runs aong the head end of thefotation tanks.Effuent 

from the drum screens is diverted to the fotation tanksby means 

of a series of 

weirs and orifices. The inet system isdesigned so that the tanks 

are fied in series. This enabes theutiization of ony as much 

tankage as is actualy required by thestorm fow. Screened effuent 
is 

used as the source of pressurizedfow.Scum produced in the air 
fotation 

tanks is skimmed to the headend of the tanks where it is 

conveyed 

to the sludge hodng tanksby means of a screw conveyor. A sudge 

generated during astorm is hed in the hoding tanks unti after 
the 

storm subsidesand then is dscharged to the nterceptor 

sewer. At soe futuredate it may prove fruitfu to provde facii¬ties 

rather than return the concentrated sudge to the sewersystem.146 





The fotation tank effuent which has been chorinated wi 
bedischarged 

directy to the Root River.Foowing 

a storm a of the sudge as we as the contents ofthe fotation 
tanks wi be discharged to the adjacent sanitaryinterceptor sewer. 

The system wi then be ready for the nextstorm.Specia 

ConsiderationsCertain 

specia 

considerations 

have been made in order to insureoptimum use of the 

system. A foodgate was instaed in one ofthe overfow sewers to 
provide 

approximatey 600,000 gaons ofin-system storage. This 
storage 

capacity wi be utiized whenthe treatment faciity reaches 
fu 

capacity.In addition, the system has been 

equipped to be competey sef-draining. This wi enabe ue of the 
system 

during periods ofsnow met and cod weather. A roof has aso 

been provided toprevent fo breakup during heavy rains.CostsThe 

cost for the Racine system is $30,000 

per 

instaedcapacity. A detaied cost breakdown is given in Tabe 
7.Racine 

ProgramA two year system evauation and optimization 

is schedued 

tobegin on Apri 1, 1973. The intent of this program is to 

fuyevauate the instaed faciity, vaidate the Management Mode and 

determine the effect of the system on waterquaity in the Root 

River.148 



TABLE 

7COST OF SCREENING/DISSOLVED AIR 

FLOTATIONCapita 

CostsCost 

per CapactyCost 

per Acre** 
Based 

on 0.5/hour rate$30,000$ 

3,900PowerChemicasMantenanceOperatng 

Costs 

gaons0.542.510.04TOTAL 

3.09/1000 

gaonsBased 

on pant capacity of 

more 

than 30 MGDand 40 hours per month 
operation.149 
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Th bacteria content of combned sewer overflow has been reported be 

as 

high as 30 mllon total ml and 3 mlion fecal These levels are 1,000 to 

10,000 

times the allowable concentration insecondary effluents and 
similar 

restrctions have been considered for combnedsewer overflows. The techniques 

used to remove suspended solids havein themselves no ability to 
remove 

or kill Thus bacteria kills of3 to 4 logs (that is, 99.9% to 99.99%) 

are 

required as a separate operation forcombined and separate sewer overflows.As 

reported by others (1) (previous 

speakers) 

it may be possble toachieve a suitable bacteria kill wth high 

chlorine dosages within certain typesof solids removal devices so that no 
separate 

contact chamber will be rquired.Considerable more work needs to be done 
over 

a broad range of flow rates beforethe proposed advantage of dual use of this 

volume can be utiized on full scalepants. It is anticipated that required 
bacteria 

kills may not be obtaned atlow flow ratesThe special design considerations 

required to 

cope 
with the very highinstantaneous overflow rates previously 

mentioned 

(this morning) for removalof suspended solids and organic matter hold for 

the disinfection equipmentas well.Conventional chlorine contact chambers 

installed 

at sewage plantsare sied to provide 15 to 30 minutes detention 

which would require considerablearea (about 1 acre per 250 acres drained at 1.0 

f acre) Operating close to154 



their design rate as determined by the 2 to 1 diurnal flow variation, these basinsas 

often as not, fail to achieve the required bacteria klls. During the 
initilfilling, 

these sewage contact chambers do not, and are not expected to, perform.A 

contact chamber sized to provide 15 minutes residence for a peak overfow rate 

would never be filled to its operating level during most storms.The operation 

of conventional 15-30 mnute contact chambers in combinedsewer overflow 

would be uncertain at best,Our work on 

disinfection 
as well as the work of others (2) (3) wasperformed in 

pilot 
size contact chambers at a constant flow rate. That is, thesechambers have 

not 
been tested at the wide (20 to 1) variations in overflow rateanticipated for 

a full scale chamber in stormwater servce. As will be seenlater, the 

assumption 
that performance of contact chamber will be as good,if not better, 

at 

lower flow rates as it i at the higher rates is questionableeven though the 

contact time is longer.We have made fve 

disinfectons of combined sewer overflow while the storm was in 
progress 

We 
acheved 99.99% kill (4 logs) with chlorinedosages (10 in 120 

seconds. 

The flow rate through our units we havetwo identical units - was 20 

In every case, both total and fecal were reduced to below 10 ml. This 
performance 

was obtained on boththe raw overflow bfore and the effluent. The3 

minute 
chlorine demand was surprisingly uniform at about 3 ppm for the effluent 

and somewhat higher for the raw stormwater.One of these chambers is 

shown 
n Figure 1. Theywere designed to155 



Figure 

1Intensey Mxed Chorne Contact Chaber156 



ensure that the was promptly and well mxed with the More important or equally 

important, they were designed to ensure highdegree of small eddy 

turbulence 
in the passages of the contact chamber.We attribute the 

etraordinarily 

high kill rate of these chambers tothe turbulence during 

contact 

time.The very recent literature 

(2) (3) andthe work (4) reports several instances of 

laboratory 
studies on sewageand stormwater disinfecton where similar 

extraordinary 

kill rates have beenobserved. Examination of the apparatus and the 
procedure 

used in thesestudies reveals that very high turbulence existed 

during 

these studies as well.In one case a beaker study by Kruse et al (3) a 
high 

stirring rate wasused to demonstrate the advantage of prompt and thorough 

dspersion of thechlorine. Very high (45 logs) kill rate of bacteria was 

observed in2 minutes when the ast stirring rate (i.e. fast mix) 

condition 
was sustainedthroughout the whole study. Much poorer performance (only 1-2 

logs in2 mnutes) was obtained at the same dosage when the more normal 

mixing0regime of a few seconds fast mix followed by 15 minutes slow mix 

was 
used.It is of great importance this studyvirus were killed at high rate 

underthe sustained fast mix condition for a few minutes whereas there was 
minimalvrus 

kil even with prolonged slow mixing.In the case of the Dow (4) study/a 

long 1,500 ft tube was selectedas a flow 

thru contact chamber. This configuration was apparently selectedto 
permit 

precise collection of samples after a specified contact time and to157 



avoid the problem of true contact time nominal contact time" encounteredn 

conventional flow-thru chambers due to short circuiting and back mixing,etc. 

The tube diameter was fortunately small enough (1-1/2" ID) relativeto 

the 
flow (8 to cause turbulent flow. High kill rates were achievedwith 

nominal 
chlorine dosages. For example, a 4 log kill at 2 minutes with8 dose. 

It is pertinent to the subject of the present paper that the investigators 

assumed that the performance achieved in their turbulentlaboratory 

chamber 
coud be duplicated in much less turbulent full scalechamber. This 

s, 

as we will see, a very questionable assumption althoughit is routinely 

made in applying laboratory data to design of full scale chambers. (2) also used 

a small diameter tub reactor in whichvery high velocities (13 

ft/sec) 
caused very high turbulence. Here also,high rate kills on sewage of 

over 3 log in minute at dosage 5 ppm wereobtaned. These investigators 

recognized, and qualtatively demonstrated(or probably the reverse 
order), 

the effect of turbulence during contact timeby comparing the performance 

of 

their highly turbulent tube reactor with agently stirred batch reactor 

which 
achieved less than 1 log kill in 1 minuteat same dosage.The basic design 

scheme for 
the 

pilot chambers used in our study wasdeveloped in early 1968 to 

support 
a cost estimate for 2 minute contactchambers. This cost estimate 

was 
included in the report entitled and Disinfection of Combined Swer Overflows 

Phase 
I" (5)The need for 1-2 minute disinfection equipment 

to complement the highrate solids removal equipmnt in combined sewer 

overflow servce was apparent.158 



A survey of the terture to 1968 revealed no indication that 2 

mintedisinfection 
was reasonably possible.The 

literature survey dd reveal the situation that full scale chamberswith 

15-30 minutes volume routinely failed to approach the 
performancepredicted 

by batch type jar tests in the laboratory. In partcuar, 
thedisnfection 

performance of full scale chambers in cold weather was reportedto be 

poorer 
than expected by temperature difference. That performance didnot 

mprove 

at less than desgn flow rate; i.e. longer contact time. Theseand other 

considerations/suggested the parallels between disinfection rateand the 

flocculation 
rate in water treatment where a smilar stuation existed.Fortunately 

there 
is a method slowly gaining acceptance by which theeffect of 

mixing 

intensity on performance in laboratory and n thefield can be correlated. 
The 

use of the velocity gradient parameteras a measure of mixing 
intensity 

was first proposed by Camp & Stein (6)in 943 to rates. They showed 

that velocity gradient isthe difference in velocity of two parallel flowing 

planes of fluid in ft/secdivided by the distance between the planes in 
feet. 

Further they showed thatit was a measure of the opportunities for particle 

to particle (molecule) collisions per unit time per unit volume.The 
product 

of velocity gradient tmes actual contact 

time is thenumber of opportunities for collision per unit volume 

during 
the flocculationoperation. It follows that the GT product is proportional 

to the fraction of totalnumber of particles (molecules) initially present which 

are actually engaged in159 



a collision during the 
operaton.Several 

studies (7) (8) have shown that the reduction of the number 

ofparticles 
(i.e. the formation of a single particle from two colliding particles)is 

proportional to the product in secondary effluent Specialhardware has been 

developed to enhance the flocculation of sewagelikesolids (9). Design 

and calculation methods have been developed so that themixing intensities 

as measured by velocity gradient can be controlled inthelaboratory (IP) (1) 

and also reproduced in full scale equipment (12).The application of 

this 
already developed mixing intensity technologyto disnfection has 

been 
proposed by the writer (13).The following will be 

a description of (a) the performance of the pilotunits, the 
preliminary 

design scheme and of a 92 chamber designedaccording to this scheme.Fgure 

2 shows the results of 
our 

disinfecton studes to date oncomned sewer overflow in an 
intensely 

mixed chlorine contact chambr,The kill is shown as the surviving 

fraction 
of, the total on a log scale.Note that almost 4 logs (99.99%) are obtained 

with 10 dosage at GT of5,000 (2 minutes at 40) The contact time-mxing 

intensity scale is It based on the nominal contact time; that is, 
the 

volumeof the chamber divided by the rate and is not corrected for 

shortcircuitng. 

The value of 9,500 for example, is the product of the G 40 

secvelocity 
gradient times 240 seconds (4 minutes) nomnal contact time.For 

comparison, 

the velocity gradient in the contact chamber of a local160 





sewage plant was calculated from observed velocty and head loss and foundto 

be about sec The nominal residence time in this chamber was 
1,800seconds 

(30 minutes) and the product then was 10,000. t might be notedhere 

that the nominal residene time is used although it has been shown (2)(14) 

that 
the true residence time is often considerably less due to 

shortcircuiting. 

Preliminary studies have indicated that the use of a true residencetime 

would 
improve this schme but this refinement has not been incorporatedyet.The 

design 

objective for our pilot chambers was to achieve a GT of10,000. 

We arbitrarily selected 240 seconds (4 minutes) as the residencetime 

so 

that we needed of about 40 sec The velocity gradient isdefined 
(G) 

as: ——1G Ener 

Dissipation 
Rate/Volume ViscosityFor 

open 
channel 

flow, it has been shown (12) that: — 
————————————————————— 

73q I Channel Slope 
ft/ft 

1) 
\The 

viscosity is known from the temperature to 
be considered 

in 

thedesign; e.g. 1.4 at 45° The velocity can be arbitrarily selected at 

some level between 0,25and 1.5 ft/sec 

or possibly higher. The volume of the chamber has alreadybeen 
determind 

by the selected nominal residence time so that now thevelocity 
selection 

also fixes the path cross-sectional area and path length.162 


